A laboratory-grown strain of Neisseria gonorrhoeae, selected in vivo, BS4 (agar), is susceptible to complement-mediated killing by fresh human serum but is relatively resistant to killing by human phagocytes. It can be induced to serum resistance by incubation with a small molecular weight fraction of guinea pig serum. The serum-susceptible and induced-resistant forms show differences in pyocin sensitivity tests. This indicates either differences in the structure of their lipopolysaccharides or masking of some determinant(s). The pyocin sensitivity pattern of BS4 (agar) is only slightly different from that of a closely related strain, BSSH, which is more susceptible to killing by human phagocytes.
INTRODUCTION
A strain of Neisseria gonorrhoeae selected from a small colony forming, pilate laboratory strain (BS) by three or four passages through plastic chambers implanted subcutaneously in guinea pigs was resistant to killing by human serum and human phagocytes when examined without subculture (Penn et al., 1976 (Penn et al., , 1977 . When cultured in laboratory media, the in vivo-selected strain, BS4 (agar), lost its serum resistance but retained its resistance to killing by phagocytes (Penn et al., 1976 (Penn et al., , 1977 . The serum resistance could be restored phenotypically to BS4 (agar) by incubating it for 3 h at 37 "C in a defined medium (DM) containing 0.1 % (w/v) bovine serum albumin (BSA) and small molecular weight fractions of either guinea pig or some human sera Martin et al., 1981) .
The determinant(s) of the induced resistance of BS4 (agar) to killing by human serum has not yet been investigated. The limited supply of host-derived inducer has prevented the production of sufficient organisms for investigation of outer membrane proteins (OMP) and lipopolysaccharides (LPS) comparable to those studies on the culture-stable type of serum resistance shown by strains from disseminated gonorrhoea (Brooks et al., 1978; Lambden et al., 1979; James et al., 1982) . An investigation of the LPS of susceptible and induced-resistant forms of BS4 (agar) seems particularly relevant because LPS appears to be the target antigen for the 'natural' antibody responsible for the bactericidal activity of normal human serum (Brooks et al., 1978; Schneider et al., 1982) . A method for indicating changes in LPS of N. gonorrhoeae became available when it was shown that partially purified, Kageyama R-type pyocins from Pseudomonas aeruginosa (Kageyama, 1975) , the receptor sites for which reside on the LPS (Meadow & Wells, 1978) , reacted with gonococci and could form the basis of a typing system (Morse et al., 1976; Sidberry & Sadoff, 1977; Blackwell et al., 1979) . Only small numbers of gonococci are required and the pyocin method has been used to indicate LPS differences in mutational and epidemiological studies on gonococcal sensitivity to serum killing and attachment to polymorphonuclear leucocytes (Guymon et al., 1982; Blackwell et al., 1983 ; Short communication Winstanley et al., 1983) . This paper reports tests with a range of R-type pyocins on strain BS4 (agar) before and after induction to serum resistance by the low molecular weight fraction from guinea pig serum.
The determinants of the resistance of strain BS4 (agar) to killing by phagocytes have been investigated by comparing it with a closely related phagocyte-susceptible strain, BSSH, selected in vitro by colonial appearance from the original parent strain BS (Penn et al., 1977) . In this case, sufficient organisms could be obtained for biochemical examination. The putative determinant of resistance was not pili and resided in outer membrane vesicles (OMV) . Examination of the proteins of purified OMV from BS4 (agar) and BSSH on sodium dodecyl sulphate polyacrylamide gel electrophoresis associated three OMP with the resistance of BS4 (agar) to killing by phagocytes (Parsons et al., 1982) . However, it was thought interesting to include in the pyocin tests a comparison of the phagocyte-resistant [BS4 (agar)] and phagocytesusceptible (BSSH) strains.
METHODS
Neisseria gonorrhoeae. Strains BS4 (agar) and BSSH were derived, stored, cultured and counted as described previously (Penn et al., 1976 (Penn et al., , 1977 Parsons et al., 1981 Parsons et al., , 1982 .
Induction of BS4 (agar) to seturn resistance. The method used was described by Veale et al. (1981) : 104-105
gonococci were incubated for 3 h at 37 "C in equal volumes of DM containing 0.1 % (w/v) BSA and an ultrafiltrate of guinea pig serum containing molecules of less than 5000 daltons (Veale et al., 1980; Martin et al., 1981) . The serum-susceptible BS4 (agar) used for comparison with the resistant organisms in the pyocin tests (Table 1) had been incubated in DM containing 0.1 % BSA for 3 h at 37 "C without the inducer.
Pyocins, Representatives of four of the five groups (RI-R5) of R-type pyocins described by Kageyama (1975) were prepared from the following strains of P. aerugimsa and partially purified and stored as described by Blackwell et al. (1979) . These included: Rl pyocins from strains ISD, 2285, IS6 and IS8; R2 pyocin from strain ISB; R3 pyocin from strain B E ; R5 pyocins from strains ISA and ISC; and two unclassified pyocins from strains R205 and 9579.
Tests for pyocin sensitiuity. A suspension (15 pl) of partially purified pyocin was added to a suspension of gonococci (100 pl; 104-105 c.f.u. ml-l in DM in a sterile plastic test tube (10 ml capacity). Control tubes received DM (15 pl) but no pyocin. After 30 min incubation at 37 "C, DM (0.5 ml) was added to each tube. The gonococci were deposited by centrifugation (1500g, 15 min, 37 "C) and the supernatant was removed. The gonococci were resuspended in 0.3 ml DM, which was plated out on haemoglobin agar. After incubation at 37 "C in candle extinction cans the colonies were counted. Results of the experimental samples were recorded as + , f and -when the viable counts were < 5 %, < 20% (but > 5 %), and > 2074, respectively, of the colony counts for the control tubes. All gonococcal strains were tested against the 10 different pyocins in many tests (see Table 1 ).
RESULTS
The results are summarized in Table 1 . During the 3 h induction period to resistance the serum-susceptible form of BS4 (agar) had lost its sensitivity to the pyocin produced by strain R205 and its partial sensitivity to that produced by strain IS8; also its full sensitivity to the R5 pyocin produced by strain ISC became partial. The serum-and phagocyte-susceptible strain BSSH (Penn et al., 1976 (Penn et al., , 1977 showed a partial sensitivity to the R1 pyocin from strain IS6 in contrast to the insensitivity of the two forms of BS4 (agar), both of which were relatively resistant to killing by phagocytes (Penn et al., 1976 (Penn et al., , 1977 ; N . J. Parsons & H. Smith, unpublished observations). In reactions with the pyocins from strains IS8 and ISC, BSSH behaved similarly to the serum-susceptible form of BS4(agar). With the pyocin from strain R205, BSSH was less sensitive than the serum-susceptible form of BS4 (agar), whereas the serum-resistant form of BS4 (agar) was fully resistant to this pyocin.
DISCUSSION
The pyocin sensitivity tests suggest that a change in LPS occurs when the serum-susceptible gonococcal strain BS4(agar) is converted to serum resistance by the low molecular weight inducer from guinea pig serum in the short time of 3 h at 37 "C. Overall, a loss of sensitivity to three pyocins accompanied the increase in serum resistance and this indicates that the LPS structure had been altered, since three receptor sites appear to have been removed or modified or masked by a new component. This result complements recent correlations made between the susceptibility of clinical isolates to serum killing and the presence of LPS receptors for the R1 pyocins (Winstanley et al., 1983) . Any speculation on the precise changes in LPS structure which accompanied the increase in serum resistance depends on the assumption that observations on pyocin reactions with the LPS of P. aeruginosa apply to the LPS of N . gonorrhoeae. Mutants of gonococci selected for resistance to R1 pyocins remain sensitive to R5 pyocins, indicating that the receptor for the R5 pyocins is in the portion of the LPS nearest to the cytoplasm and those for R1 pyocins are more distal (Winstanley et al., 1983) . These are similar to the results obtained for P. aeruginosa (Kageyama, 1975) . Little can be drawn from the most marked change in pyocin sensitivity accompanying the increase in serum resistance, namely the complete loss of sensitivity to the unclassified pyocin from strain R205, since its receptor site is unknown even for the LPS of P . aeruginosa. It should be noted that in the majority of clinical isolates of gonococci, if the strain is sensitive to R1 pyocins it is also sensitive to the pyocin produced by strain R205 (Blackwell et al., 1979) . The smaller losses in sensitivity to the Rl pyocin from strain IS8 and the R5 pyocin from strain ISC suggest that receptor sites both in the polysaccharide side chain and in or near the core of the LPS may have been affected. The receptor sites may not have been produced, or they may have been modified, or even obscured by new structures such as proteins under the influence of the small molecular weight inducing factor whose mechanism of action is unknown. However, one possible masking agency, the formation of a capsule under the influence of the inducer, does not occur; in electron microscopy similar to that which demonstrated capsules on some gonococci (Demarco de Hormaeche et al., 1978), capsules could not be seen on BS4 (agar) organisms either before or after being induced to resistance (P. M. V.
Martin, unpublished observations).
It is tempting to suggest that changes in pyocin sensitivity which occur as the result of the action of the small molecular weight inducer indicate changes in LPS which are responsible for the increased resistance to serum killing. However, the evidence at present is only that of association (Smith, 1983) and can only be strengthened by deeper investigations on the connections with serum resistance of the LPS and any other bacterial components (for example, OMP) that may be formed under the influence of the inducer.
